Six female dogs (four pregnant and two nonpregnant) were inoculated with bluetongue virus (BTV), serotype 11. Pregnant animals and one nonpregnant dog received 5.5-6.3 log,, of cell culture-adapted virus. The other nonpregnant dog received a modified live vaccine contaminated with bluetongue virus. The nonpregnant animals never became clinically ill and were euthanatized 35 days post-inoculation. Three of the four pregnant dogs aborted, and all four died or were euthanatized 5-10 days post-inoculation. The predominant pathologic feature in the adults was severe pulmonary edema. Various tissues from the bitches and fetuses were examined by in situ hybridization using a digoxigenin-labeled probe corresponding to the nonstructural protein-1 gene of BTV-17. By this technique, viral nucleic acid was detected predominantly in endothelial cells of lung of all four dogs, with lesser amounts in capillaries of uterus, spleen, and kidney in some of the dogs. In two adult dogs, bluetongue viral nucleic acid was detected in mononuclear cells of the penarteriolar lymphoid sheaths of spleen. There was minimal staining of capillaries in placentae in three of the five fetuses examined. There was no viral nucleic acid detected in any of the other fetal tissues.
Beginning in late 1992, a multicomponent modified live virus vaccine containing canine distemper virus, canine parainfluenza virus, canine adenovirus-2, and canine parvovirus was reported to be causing clinical disease and death when used during late-term pregnancy in d o g~.~,~J Bluetongue virus (BTV), serotype 11, was isolated from the tissues of some of the vaccinated dogs as well as from the vaccine.l' This virus was then propagated, and the dogs were inoculated with it to confirm its pathogenicity. This report details the pathologic findings and the distribution of virus, as determined by in situ hybridization, in experimentally infected dogs.
Materials and Methods

Virus
Bluetongue virus, serotype 11, was isolated from a multicomponent modified live vaccine containing canine distemper, canine parainfluenza virus, canine adenovirus-2, and canine parvovirus. The BTV was isolated in Vero cells and expanded in baby hamster kidney cells.iL
Dogs
Four late-term pregnant Beagle dogs were inoculated with BTV. Two (Nos. 1, 2) received 6.3 log,, TCID,, BTV, and two (Nos. 3, 4) received 5.6 log,, TCID,, BTV, all intramuscularly. A fifth pregnant dog (No. 5) received 1.0 ml of noncontaminated multicomponent vaccine, given subcutaneously. One 12-week-old female dog (No. 6) was inoculated with 5.5 log,, TCID,, BTV; another 12-week-old female dog (No. 7) was inoculated with 1 .O ml of the contaminated vaccine. Animals were monitored clinically daily and euthanatized with an overdose of barbiturate when they became severely clinically ill.
Pathologic Findings
All dogs were necropsied, and tissues were fixed routinely in formalin for histopathology. Paraffin sections were cut at 4-5 pm and stained with hematoxylin and eosin.
In situ hybridization
A single-stranded negative-sense digoxigenin-labeled RNA probe was transcribed from a linearized cDNA template containing most of the nonstructural protein-1 gene of BTV-1 7.2,5 The final product was approximately 1,700 nucleotides in length. This probe had previously been shown to hybridize with all 24 serotypes of BTV.2 Paraffin sections were cut at 4-5 pm, placed on Probe-On Plus slides (Fisher Scientific, Pittsburgh, PA), and stored at room temperature. Just prior to use, sections were deparaffinized, rehydrated, and digested with 5 pdml proteinase K for 15 minutes at 37 C. Digestion was stopped by rinsing with 100 mM glycine. Double-strand- ed nucleic acid was denatured by heating the sections to 100 C for 10 minutes. Probe solution contained approximately 20 ng of probe in 70 pl of solution (5 x standard sodium citrate, 50% formamide, 5% modified milk protein, 1% N-lauroylsarcosine, 0.02% sodium dodecyl sulfate), which was held in place over the section by a siliconized coverslip, the edges of which were sealed with nail hardener. Hybridization occurred overnight at 52 C. After hybridization, the coverslips were removed, and sections were subjected to a series of stringent washes followed by incubation with antidigoxigenin-alkaline phosphatase (Boehringer Mannheim, Indianapolis, IN) at a dilution of 1:300 for 2 hours at 37 C. Substrate was nitroblue tetrazolium with 5-bromo-4-chloro-3-indolylphosphate. Development progressed for 2-1 8 hours. Sections were counterstained lightly with aqueous eosin.
Tissues from all six infected dogs and the one noninfected control dog were examined by in situ hybridization. Lung, spleen, and liver were examined from all dogs; uterus was examined from all pregnant dogs; abdominal lymph nodes, kidney, and brain were available from some dogs. Fetal tissues from five fetuses (representing three of the infected bitches) were examined and included placenta, lung, liver, heart, and thymus from all five, and kidney, intestines, spleen, and tongue from four of the five.
Results
Clinical signs, pathologic findings, and in situ hybridization results for the five pregnant dogs are presented in Table 1 .
Clinical disease
There was no clinical disease noted in the 12-weekold dogs inoculated with BTV (Nos. 6, 7). These animals were euthanatized 35 days post-infection. All four infected pregnant dogs (Nos. 1-4) became febrile 4 to 6 days post-infection. Dog No. 1 aborted one fetus early at 5 days post-infection and was found dead later that day. Dog No. 2 was febrile for 3 days and then appeared clinically normal until she was euthanatized 10 days post-infection. Dog No. 3 aborted five pups 6 days post-infection and at 8 days post-infection became severely dyspneic and was euthanatized. Dog No. 4 aborted one fetus 7 days post-infection and was found dead 8 days post-infection. Dog No. 5 (control, inoculated with noncontaminated vaccine) never became ill and was clinically normal when euthanatized 5 days post-whelping (or 10 days post-infection).
Lesions
There were no lesions in the two younger dogs (Nos. 6, 7) , which were inoculated at 12 weeks of age and euthanatized 35 days later. All five inoculated pregnant dogs were necropsied, in addition, fetuses from three of the four infected dogs (two from dog No. 1, two from dog No. 3, one from dog No. 4) were examined and necropsied. Three of the four infected dogs (Nos. 1, 3, 4) had moderate to severe pulmonary edema. Dog No. 4 had hydrothorax and severe distension of the mediastinum with edema. Dog No. 1 (which had aborted one fetus 5 days post-infection) had four fetuses in utero. Dog No. 2, which was never seen to abort, had seven recent placental attachment sites. Since no fetuses were observed, it was assumed that the dog had aborted and eaten the fetuses. There were no abnormal findings in any of the fetuses with the exception of the two from dog No. 1, which had petechial hemorrhages scattered over the lungs and thymus.
Histologically, the most striking finding in the infected pregnant dogs was pulmonary edema within alveoli and especially around medium-sized blood vessels. The pulmonary edema was most prominent in the three dogs affected most severely clinically (Nos. 1,3,4). In dog No. 2, a section oflung had an increased number of mixed mononuclear cells within septa, and there were some areas of collapse. In dog No. 1, there was early but distinct necrosis of splenic periarteriolar lymphoid sheaths, represented by karyorrhectic debris. In all of the dogs (including the noninfected control), there were vascular changes and necrosis of uterine wall and mucosa, consistent with involution of placental sites, and moderate to marked erythrophagocytosis in abdominal lymph nodes. In addition, in three of the infected dogs (Nos. 1, 2, 3 ) and in the control dog (No. 5), small pleocellular aggregates around cen- tral veins were occasionally seen. One infected dog (No. 4) had moderate to marked intracellular bile stasis.
In situ hybridization
By in situ hybridization, all four pregnant dogs infected with BTV had positive, distinct signal scattered throughout alveolar septa (Fig. 1 ). This positive signal was often globular in nature and appeared to be localized to the cytoplasm of alveolar capillary endothelium. There was staining in the spleens of three of the four infected pregnant animals (Nos. 2, 3, 4) , with signal present in cytoplasm of mononuclear cells of the periarteriolar lymphoid sheaths (PALS) and less frequently in vessels. In one animal (No. 3) , there was more extensive staining of the PALS (Fig. 2) ; in this animal, there was also positive signal in occasional capillary endothelium in the renal glomeruli. One of the pregnant dogs (No. 1) had focal staining of blood vessel endothelia located just under the uterine mucosa. All other tissues from the pregnant animals were negative.
In the fetuses, there was staining of occasional blood vessel endothelia in the placentae from three of the five examined. These three represented dams No. 1 and 3. There was no in situ hybridization signal detected in any of the other fetal tissues examined.
There was no staining in any of the tissues from the two younger dogs that were inoculated at 12 weeks of age and euthanatized 35 days later.
Discussion
A BTV isolated from a multicomponent modified live virus vaccine caused clinical disease and death when inoculated into four late-term pregnant bitches. (without BTV) and two 12-week-old dogs inoculated with BTV did not become clinically ill. Three of the four pregnant dogs inoculated with BTV died or were euthanatized in extremis. The most consistent postmortem feature was pulmonary edema. Histologically, this edema was centered around medium-sized vessels and frequently extended to flood adjacent alveoli.
A pregnant bitch inoculated with the vaccine only
In the tissues of the pregnant bitches, in situ hybridization delineated the presence of BTV nucleic acid. The greatest amounts of virus were found in lung, which corresponds with the predominant pathologic feature of pulmonary edema. Relatively lesser amounts of signal were present in spleen, uterus, and kidney. Signal was present predominantly in capillary endothelium. However, in the lung, it was sometimes difficult to determine if signal might also be present in pneumocytes. No attempt, other than morphologic visual examination, was made to determine the cell types. In spleen, signal was present in endothelium, but, in addition, BTV nucleic acid was seen in many of the mononuclear cells in certain periarteriolar lymphoid sheaths. Presumably, the majority of these were cells of the mononuclear phagocytic system, but there were probably some lymphocytes as well.
Bluetongue virus is known to infect several species of ruminants. In sheep and deer, which may suffer a fulminant infection, virus can be demonstrated in vascular beds in a number of However, infection of cattle with BTV is generally asymptomatic, and a pathogenesis study in calves using immunohistochemistry has shown that virus is predominantly associated with mononuclear cells and only very infrequently with vascular end~thelium.~ In this study, in pregnant dogs with a fulminant infection, the virus was distributed in endothelium, similar to the situation in sheep and Vet Pathol 33: 3, 1996 deer. The presence of virus in pulmonary capillaries with associated pulmonary edema is similar to another orbivirus infection, African horse sickness. In African horse sickness, by in situ hybridization, virus is localized to capillaries, with greatest concentration in lung and relatively lesser amounts in heart. 3 There are reports of African horse sickness infection in dogs, which is acquired through the ingestion of meat from carcasses of horses that have died of the d i s e a~e .~. '~ In dogs infected with African horse sickness, pathologic features are pulmonary edema and hydrothorax.1° In the present study, lesions in dogs infected with BTV were very similar. There are no reports of increased incidence of African horse sickness in dogs as a result of pregnancy.
It is interesting that only pregnant dogs became clinically ill as a result of the BTV infection. By in situ hybridization, the greatest amounts of virus were detected in the lungs of the dams. In contrast, there was no virus detectable in the fetal organs and only minimal amounts in placenta. The underlying reason for the susceptibility of the pregnant dogs remains unknown.
There are no recorded cases of natural bluetongue infection in dogs. The origin of the BTV in the modified live virus vaccine was unknown; perhaps it originated in fetal bovine serum or as a noncytopathic strain in cell culture. Presumably, there was some adaptation to the canine cell culture which then allowed for successful infection of and replication in a canine host.
